Newly synthesized ribosomal proteins (r-proteins) are found. associated with ribosomal subunits as soon as 90 min after fertilization of Drosophila melanogaster embryos. This event substantially precedes the blastoderm stage of embryonic development, at which time the synthesis of rRNA begins. At the preblastoderm stage, embryos synthesize many and possibly all of the r-proteins, although only a small subset of these is incorporated onto ribosomes, presumably by addition or exchange onto preexisting ribosomes. After blastoderm formation, all of the newly synthesized r-proteins along with newly synthesized rRNA are incorporated into ribosomal subunits.
Ribosomal proteins (r-proteins) represent a group of "housekeeping" proteins that perform a required function in all cells. In addition to their ubiquitous expression, these proteins (approximately 70-80 in eukaryotes) are present simultaneously and in essentially fixed ratios in the ribosome and in the cell as a whole. The constraints imposed on the cell by requiremnents for the coordination of synthesis of the r-proteins with each other and with that of the rRNAs present an excellent opportunity to examine the battery of mechanisms which must operate in the control of gene expression. The "housekeeping" nature of this group (2, 3) . Drosophila embryos provide a whole organism in vvo system that has enabled us to investigate the developmentally programmed initial expression of r-proteins in a eukaryote. Because these proteins are required in a stoichiometric ratio with the rRNAs, their appearance in the developing' embryo can be correlated with the appearance of these I4NAs as well.
We have observed the synthesis of the r-proteins in the developing Drosophila embryo. As (4) . The medium used to label embryos was the "basic incubation medium" of Limbourg and Zalokar (5 Isolation and Characterization of Ribosomal Subunits. After incubation, the embryos were rinsed into a 2-ml Dounce homogenizer with the aid of a few milliliters of embryo homogenization buffer (10 mM Tris-HC1, pH 7.6/3.3 mM MgCl2/50 mM NH4Cl/1 mM dithiothreitol/1% Triton X-100/250 mM sucrose) and the embryos were homogenized with 10 strokes of the pestle. The homogenate was centrifuged at 12,000 X g for 30 min at 40C and the supernatant was layered over 4 ml of 30% sucrose in the homogenization buffer without Triton and centrifuged at 20C, 234,000 X g for 12 hr. The supernatant was removed and the pellet was resuspended in 0.25 ml of subunit gradient buffer (20 mM Tris.HCI, pH 7.4/100 mM KCI/1 mM dithiothreitol). The suspension was cleared at 15,600 X g for 15 min and layered over a 10-30% sucrose gradient in subunit gradient buffer and centrifuged at 234,000 X g for 1.5 hr. Absorbances of gradients were monitored at 260 nm in a Beckman recording spectrophotometer. The 40S and 60S ribosomal subunits, now free of nascent chains and other nonribosomal factors, were recombined and pelleted.
Preparation of r-Proteins and Total Cellular Proteins. Pelleted ribosomes were resuspended in 0.5 ml of subunit gradient buffer and clarified. Twenty-five microliters of 1 M magnesium acetate was added to the supernatant and 1.15 ml of glacial acetic acid was added dropwise. The solution was stirred on ice for 1 hr and then centrifuged at 12,000 X g for 30 min. The pellet was washed with 1.0 ml of 67% acetic acid and recentrifuged. The supernatants were combined, dialyzed exhaustively, against 10% (vol/vol) acetic acid/i mM dithiothreitol, and lyophilized.
For extraction of total cellular protein, labeled embryos were homogenized in embryo homogenization buffer without sucrose. After clearing (4000 X g for 10 min), magnesium acetate and acetic acid were added in the concentrations described for protein extraction from ribosomal subunits. Subsequent procedures for extraction and isolation of total proteins were also as described for ribosomal proteins.
Two-Dimensional Gel Electrophoresis and Fluorography of r-Proteins. Isolated r-proteins were separated on two-dimensional gels by using the procedure of Lastick and McConkey (6) macromolecule. It was also important to determine that the ribosome-associated label was not the product of an in vitro addition or exchange reaction taking place during the isolation of subunits. Therefore, we subjected early embryo (2-hr) labeled ribosomes to a high-salt wash (1 M KCl). This procedure is used routinely to distinguish integral ribosomal components from nonribosomal components (12) . Isolated early embryo ribosomes were divided into two portions: one was left in homogenization buffer while 1 M KCI in the same buffer was added to the other. The ribosome suspensions were agitated gently for 1 hr, then repelleted through 30% sucrose and finally analyzed on sucrose gradients. Table 2 shows that this high-salt wash does not remove any radioactive label from the ribosomal subunits, suggesting this label has been incorporated as an integral part of the subunits themselves. In a second experiment dealing with the possibility that ribosomal or other proteins were exchanging with ribosomes during handling, unlabeled embryos were homogenized in the presence of either labeled embryo r-proteins or the supernatant fraction from a labeled embryo ribosome preparation. Ribosomal subunits from such mixed homogenizations were isolated and assayed for radioactivity associated with either 405 or 60S particles. As seen in Table 2 , in neither mixing experiment did any radioactivity cosediment with ribosomal subunits. These data clearly show that the radioactive components associated with ribosomal subunits are not a product of in vitro exchange or addition.
Identification of r-Proteins Synthesized During Embryonic Development. In order to unequivocally prove that the radioactive components in ribosomal subunits were r-proteins and to further characterize their identity, the r-proteins from labeled pre-and postblastoderm embryos were subjected to two-dimensional electrophoresis and fluorography. Because these embryo samples did not contain sufficient quantities of r-proteins to produce a stained protein pattern, all embryo samples were mixed with 500 ,ug of cold r-protein prior to electrophoresis. It should be noted here that these gels include only basic proteins. The acidic r-proteins, which often account for 10% of all r-proteins, were not examined in these studies.
The results of these gels of pre-and postblastoderm labeled r-proteins are presented in Fig. 1 . Fig. IA Fluorography of the preblastoderm sample of labeled rproteins (C) is in striking contrast to that observed in the later developmental stage. This gel shows that only a few (a-d) of the 80S r-proteins present in ribosomal subunits have accumulated radioactive label. The majority of the r-proteins (for example, proteins e-k), while seen to be labeled in the postblastoderm fluorograph (D), are absent in the preblastoderm fluorograph (C). The particular subset of r-proteins e-k was chosen for Biochemistry: Santon and Pellegrini identification because they are among those r-proteins easily and reproducibly identified in our two-dimensional gels. They represent only a few of the r-proteins we can identify as present in postblastoderm ribosomes. Each of these gel experiments was repeated three times, with the same results. In total, these data demonstrate that postblastoderm embryos synthesize and incorporate into ribosomues at least a majority of the r-proteins.
However, preblastodetm embryos incorporate only four newly synthesized r-proteins into ribbsomes.
Thus far, we have examined only those r-proteins incorporated into ribosomal subunits. In order to further investigate the developmentally controlled synthesis of r-proteins, we examined the total cellular protein fraction from preblastoderm embryo samples incubated for 1 hr with [3H]phenylalanine. This total protein sample was electrophoresed on a two-di- mensional gel, as shown in Fig. 2A . The pattern of stained proteins in this gel is clearly complex. However, we were able to identify a large number of spots that corresponded to rproteins by comparison with gels of 80S proteins run in parallel. Several representative 80S r-proteins are identified (a-k) within the total cellular protein pattern. For comparison, these are the same proteins identified in Fig. 1 . It should be noted that, due to a longer running time, the gel in Fig. 2 shows a more elongated pattern than the gels in Fig. 1 .
The fluorograph of preblastoderm embryo total protein (Fig.  2B) shows that these embryos are synthesizing a variety of proteins. Within this complex pattern, the labeling and therefore synthesis of at least a majority of the 80S r-proteins can be detected. For example, r-proteins a-k are visible in the fluorograph (Fig. 2B) Table 2 showed that labeled r-protein did not exchange with or otherwise bind to unlabeled ribosomal subunits in vitro.
During the earliest stages of embryogenesis, amino acid is incorporated into many and possibly all of the various r-proteins, indicating their recent synthesis. This statement is based on the result that at least a majority of the r-proteins were found to be labeled in the total cellular protein fraction. We considered the possibility that this extremely early synthesis of all r-proteins was only preparatory to their use in de novo-synthesized ribosomes when rRNA transcription began at blastoderm formation. However, Fig. 1 (1980) 5653 This hiatus of ribosome formation during early embryogenesis is a naturally occurring one, as contrasted to the drug-treatment studies cited above. The coincidence of results suggests that these previous studies using drugs to investigate ribosome biosynthesis may well have direct parallels to naturally occurring events. Corollary evidence for this addition or exchange phenomenon is seen in the very rapid labeling of a similarly small subset of r-proteins in yeast, HeLa, and mouse cells as judged by the appearance of these proteins on cytoplasmic ribosomes (6, (17) (18) (19) . In a study using mouse embryos, LaMarca and Wassarman (20) observed the very rapid labeling of a few rproteins. However, these authors did not distinguish between ribosome-bound and free r-proteins.
Comparison of the pattern of r-protein synthesis during embryogenesis in such varied organisms as Xenopus and the mouse with that of Drosophila show few similarities (6, 20) . This appears to reflect the overall differences in ribosome content and rates of protein synthesis occurring during the various developmental stages of each organism.
In summary, the identification of a subset of r-proteins that has a unique time of addition to ribosomes or exchange with r-proteins present in ribosomes offers several possibilities for further biochemical and genetic studies. For example, those ribosomes that contain the exchanged or added proteins may have a specialized role in protein synthesis.
